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Abstract 

Aim: Closed sternal fractures are deceleration injuries that occur as a result of blunt trauma. In these fractures, cardiac and great vessel injury probability is 
higher than that of other blunt traumas. Since they are caused by high-energy traumas, they can be accompanied by internal organ injury, chest wall injury, 
and head and spine traumas. Clinical findings can be very different according to other organ injuries and concomitant pathologies. In our study, we aimed to 
evaluate the outcomes of patients with post-traumatic sternal fracture. 

Material and Methods: Files of 348 patients with sternal fractures presenting to the emergency department and thoracic surgery clinic between 2011 and 
2020 were evaluated retrospectively. The patients were divided into two groups as group 1 (patients with sternal fractures and other organ injuries (non- 
isolated sternal fractures)) and group 2 (isolated sternal fractures). 

Results: When the demographic distributions of the patients were evaluated, gender and etiological differences were not significant between the groups. In 
terms of concomitant pathologies, rib fracture, lung contusion, pneumothorax, and hemothorax were the most common in Group 1 patients, while skin abrasion 
was observed in Group 2. Concomitant organ injuries were most common in the liver and spleen in Group 1 patients, while there was no concomitant pathology 
in Group 2. CWIS was 2 in 252 of Group 1 patients, and the mean ISS was 20.07 + 6.51. On the other hand, CWIS was 1 in all Group 2 patients, and the mean 
ISS was 7.90 + 8.64. Group 1 ISS values were statistically significant compared to Group 2. Concomitant pathology or organ injury is the cause of increased 
mortality and morbidity in patients with sternum fractures. 

Discussion: The chest wall injury scoring system is a guide for surgery in those patients. The injury severity score, on the other hand, increases in direct 
proportion to the severity of the trauma and should be considered an effective parameter for demonstrating the severity of the injury. 
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Introduction 

Closed Sternal fractures are deceleration injuries that occur 
as a result of blunt trauma. The most common cause is traffic 
accidents. Fractures are typically in the transverse plane and 
are more frequently localized in the upper-middle part. In these 
patients, cardiac and great vessel injury probability is higher 
than that of other blunt traumas. Since they are caused by high 
energy traumas, internal organ injury, chest wall injury, and 
head and spine traumas may accompany them. Clinically, the 
most common complaint is localized tenderness and respiratory 
distress with pain over the sternum. Clinical findings can be very 
different according to other organ injuries and concomitant 
pathologies [1]. 

The diagnosis is best made by lateral chest X-ray. Because of 
myocardial contusion and pericardial effusion risk, patients 
should be monitored with electrocardiography (ECG) and 
echocardiography (ECO) [1]. If there is no open fracture 
or excessively separated fracture ends, pain and secretion 
control and supine bed rest for 2-3 weeks are sufficient in 
the treatment. Open reduction and fixation may be required 
in displaced sternal fractures [2]. In our study, we aimed to 
evaluate the outcomes of patients with post-traumatic sternal 
fracture. 


Material and Methods 

Ethics committee approval was received for the study (approval 
date and number: 22.11.2021-5194). The files of 348 patients 
with sternal fractures presenting to the emergency department 
and thoracic surgery clinic between 2011 and 2020 were 
evaluated retrospectively. 

The patients were divided into two groups as Group 1 (patients 
with sternal fractures and other organ injuries (non-isolated 
sternal fractures), n = 302) and Group 2 (isolated sternal 
fractures, n = 46). Age, gender, symptoms, localization of 
fractures, radiological findings, diagnosis and treatment 
methods, complications, concomitant pathologies, concomitant 
injuries, CWIS (increasing trauma severity from 1 to 5), ISS (>16; 
serious injury), mortality, and morbidity rates were recorded. 
IBM SPSS Statistics Base 22.0 program (IBM Corporation, 
Armonk, NY, USA) was used for data analysis. Continuous 
variables were expressed as mean + standard deviation (SD), 
while categorical variables as number-ratio. Homogeneity 
analysis of variances was performed using Levene’s test 
(p>0.05). The Shapiro-Wilk test was used to evaluate the normal 
distribution (p>0.05). Results were evaluated with the Fisher’s 
Exact and Mann-Whitney-U tests. P<0.05 was considered 
significant. 


Results 

The total number of patients was 348 and the mean age was 
53.59 + 18.50. Etiological causes were traffic accidents in 
183 (53%), falls from a height in 116 (33%), and workplace 
accidents in 49 (14%). Of the patients, 218 (63%) were male 
and 130 (37%) were female (Table 1). 

The most common complaints of the patients were chest pain, 
shortness of breath, chest wall tenderness, and ecchymosis. 
While the main diagnostic method was the physical examination 
and posteroanterior and lateral chest radiography, all patients 


Table 1. Demographic distribution of patients 


Demographic 


PLT Total: 348 Group 1:302 Group 2: 46 
distribution P P 

Mean age 53,59+18,50 52,88+18,23 5802+ 19,88 

Male 218, %63 190, %63 28, %61 Renan 
Female 130, %37 112, %37 18, %39 (p>0.05) 
Traffic accident 183, %53 161, %53 22, %48 

Falling from a height 116, %33 102, %34 14, %30 p>0.05 
Workplace accidents 49, %14 39, %13 10, %22 


Table 2. Concomitant pathologies and injuries 


Concomitant pathologies and injuries 


Group 1: 302 Group 2: 46 


Localized hematoma in the anterior mediastinum 12, %4 1, %2 
Staining in the anterior mediastinum 19, %6 1, %2 
Skin abrasion 29, %10 2, %4 
Subcutaneous hematoma on the sternum 5, %2 1, %2 
Widespread ecchymosis and bruises on the skin 27, %9 1, %2 
Rib fracture 151, %50 - 
Contusion 54, %18 - 
Pneumothorax 43, %14 - 
Hemothorax 22, %7 - 
Liver grade 1 laceration 1, %0,33 - 
Liver grade 2 laceration 7, %2 - 
Spleen grade 1 laceration 3, %1 - 
idney grade 1 laceration 2,%1 - 
Vertebral fracture 11, %4 - 
Clavicle fracture 6, %2 - 
Scapula fracture 2, %1 - 
Sternum fracture + rib fracture + pneumothorax 40, %13 - 
Sternum fracture + rib fracture + contusion 46, %15 - 
Sternum fracture + rib fracture + hemothorax 22, %7 - 
eae + rib fracture + liver grade 1 1, %0,33 7 
Sternum fracture + rib fracture + liver grade 2 7, %2 . 
laceration , 
Sternum fracture + rib fracture + spleen grade 3,%1 a 
1 laceration : 
Sternum fracture + rib fracture + kidney grade 
1 laceration 2, %1 7 
Sternum fracture + rib fracture + vertebral 
fracture TOs : 
Sternum fracture + rib fracture + clavicle fracture 4, %1 - 
Sternum fracture + rib fracture + scapula fracture 2, %1 - 


Figure 1. A; Sternum corpus fracture, B: Sternum manubrium 


fracture, C: Fracture of sternum corpus and the junction of 
the corpus and the manubrium, D: Fracture of sternum corpus, 
manubrium and the junction of the corpus and the manubrium. 
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Table 3. Patient scores with sternal fracture 


Scores Group 1: 302 Group 2: 46 

CWIS 1 46, %100 

CWIS 2 252, %83 = 

CWIS 3 38, %13 - 

CWIS 4 9, %3 = 

CcwIs 5 3,%1 - 

ISS 20.07 + 6.51 7.90 + 8.64 < 0,05 
CWIS: Chest Wall Injury score, ISS: Injury severity score 


with non-isolated sternal fractures underwent computed 
tomography for general evaluation. 

All patients underwent ECG, 15% had ECO, and 3 (1%) had 
pericardial fluid. It was observed that pericardial fluid did not 
increase in the follow-ups and no intervention was required. 
Fractures were found in the corpus sternium in 281 (81%) 
patients, in the manubrum sternium in 61 (17%), in both the 
corpus and the junction of the corpus and manubrium in 4 (1%), 
and in the manubrium, corpus, and the junction of manubrium 
in 2 (1%) patients (Figure 1). 

When the demographic distributions of the patients were 
evaluated, gender and _ etiological 
significant between the groups (p>0.05). 

In terms of concomitant pathologies, rib fracture, lung 
contusion, pneumothorax, and hemothorax were the most 
common in Group 1 patients, while skin abrasion was observed 
in Group 2. Concomitant organ injuries were most common in 
the liver and spleen in Group 1 patients, while there was no 
concomitant pathology in Group 2 (Table 2). 

CWIS was 2 in 252 (83%) of Group 1 patients, and the mean 
ISS was 20.07 + 6.51. On the other hand, CWIS was 1 in all 
Group 2 patients, and the mean ISS was 7.90 + 8.64. Group 1 
ISS values were statistically significant compared to Group 2 
(p<0.05) (Table 3). 

In the treatment, 216 (72%) patients in Group 1 patients 
treatment, 71 (23%) underwent tube 
thoracostomy, 4 (1%) underwent subcutaneous hematoma 
evacuation, 6 (2%) underwent emergency thoracotomy 
(parenchymal repair + hematoma evacuation), and 5 (2%) 
underwent laparoscopy. On the other hand, all patients in 
Group 2 were given medical treatment and followed up. In 
Group 1, 17 (6%) patients were taken to the intensive care 
unit due to respiratory distress and changes in consciousness 
during their follow-up, and 9 (3%) of these died. In one patient 
who underwent hematoma evacuation, purulent discharge 
developed. However, no growth in the culture was observed and 
it improved with medical treatment. All of the patients who died 
had a CWIS score of 5, and the mean ISS was 25.07 + 1.56. 
The general approach in medical treatment is antibiotherapy 
(amoxicillin + clavulanic acid or cephalosporin group or 3rd 
generation antibiotics), narcotic (Tramadol) or non-narcotic 
analgesics (non-steroidal anti-inflammatories), 
expectorants (N-acetyl bronchodilators, 
balanced fluid replacement, and in some patients, especially 
those with extensive contusion, fluid restriction, diuretic 
therapy, pentoxifylline, and steroid therapy. 


differences were not 


underwent medical 


mucolytic 
cysteine group), 


Discussion 

Closed sternal fractures are deceleration injuries and occur as 
a result of blunt traumas in the anterior thoracic region [2]. 
The most common cause of sternal fractures detected in less 
than 5% of patients with blunt thoracic trauma is motor vehicle 
accidents with a rate of 60-90% [3, 4]. The rate of sternal 
fracture in traffic accidents is 4%. The frequency of these 
fractures, which often occur in people sitting in the front seats 
due to traffic accidents, has increased in recent years, with the 
compulsory use of seat belts [3, 5, 6]. While seat belts have led 
to significant reductions in serious injuries in traffic accidents, 
this has created a new spectrum of injuries that are less life- 
threatening. Fractures are typically in the transverse plane and 
are more frequently localized in the upper and middle parts. It 
often develops as a transverse fracture in the upper or middle 
part of the sternum body [3]. In our study, the most common 
etiologic cause was traffic accident with a rate of 53%, and the 
most common fracture localization was corpus sterni with 81%. 
Sternal fractures are more common in women and the elderly. 
Patients generally present with localized pain in the anterior 
chest wall that increases with deep breathing [7, 8]. The 
presence of pain and tenderness over the sternum should 
suggest a sternal fracture. On physical examination, tenderness, 
ecchymosis, and crepitation at the fracture line can be detected 
by palpation. In our study, 218 (63%) of the patients were male 
and 130 (37%) were female. The most common complaints 
were chest pain, shortness of breath, chest wall tenderness, 
and ecchymosis. 

Although anamnesis and physical examination findings may 
be instructive, the diagnosis is usually made by lateral chest 
X-ray [2]. In polytraumatized and painful patients and in cases 
where lateral radiographs cannot be taken due to the inability 
to position, CT can be used in the diagnosis, which can show 
a cardiac injury (pericardial effusion, contusion). The mortality 
rate in isolated sternal fractures is less than 1% [1, 8]. The 
risk of myocardial injury in the presence of sternal fracture is 
one of the first issues to be considered. ECG changes occur in 
61% of sternal fractures and myocardial contusion develops in 
18%. Because of the risk of myocardial contusion, ECG should 
be taken and, if necessary, the presence of pericardial effusion 
should be investigated by echocardiography [9, 10]. In our 
study, the main diagnostic method was physical examination 
findings, and postero-anterior and lateral chest radiographs. All 
patients underwent ECG, 15% had ECO, and 3 (1%) patients 
had pericardial fluid. It was observed that pericardial fluid did 
not increase in the follow-ups and no intervention was required. 
In order for a fracture to occur in the sternum, the severity 
of the trauma must be high. Therefore, rib fracture and long 
bone fractures may accompany. At least 20% of them also 
have serious head trauma. Due to the high force applied to 
the sternum, the probability of both cardiac and great vessel 
injury in these fractures is higher than in other blunt traumas. 
Serious intrathoracic injury accompanies 57% of the cases 
[3]. Concomitant injuries can be grouped into three main 
groups: internal organ injury, chest wall injury, and head and 
spine trauma. Rib fractures, flail chest, and sternoclavicular 
dislocation can be seen as chest wall injuries. As a result of 
internal organ injuries, pneumothorax, hemothorax, cardiac 
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tamponade, cardiac and pulmonary contusion, diaphragmatic 
and abdominal injuries may develop [2, 10]. Compression 
fractures of the thoracic vertebrae in addition to head, neck, 
and extremity injuries are other concomitant injuries. The 
incidence of pulmonary injury, pericardial effusion, vertebral 
and rib fractures increases with separated, unstable sternal 
fractures [6]. The risk of cardiac injury with a sternal fracture 
ranges from 18 to 62%. The incidence of myocardial contusion 
after fracture in the sternum has been reported to be 6-12% 
[3, 10, 11]. 

Chest Wall Injury Scale (CWIS) is a method that covers sternum 
fracture and is scored between 1 and 5 according to the status 
of laceration or avulsion in the soft tissue and skin. It helps to 
determine the treatment method according to the condition of 
the injury to the chest wall. In a study involving 88 patients, 
this scale system was reported to be a guide for the decision 
of surgical intervention, and mortality and morbidity increased 
as the scores increased [12]. In our study, CWIS elevation may 
be a guide for surgical treatment. However, the increase in 
mortality despite surgery varies according to the condition of 
the concomitant injuries. 

Injury severity score (ISS) is a scoring system that defines the 
total severity of injury in persons with multiple body injuries. It 
is associated with mortality, morbidity, and length of hospital 
stay. With ISS, injuries that are not life-threatening have been 
shown to significantly affect mortality when combined with 
injuries to other organs. If the ISS is greater than 16, major 
trauma is present [13]. In our study, the mean ISS in Group 1 
was 20.07 + 6.51, while in Group 2, the mean ISS value was 
7.90 + 8.64. When the groups were compared in terms of ISS 
values, Group 1 ISS value was significantly higher than that of 
Group 2 (p<0.05). 

Treatment of isolated sternal fractures consists of pain control 
and pulmonary hygiene. In the treatment, supine bed rest, 
analgesic therapy, and respiratory physiotherapy are performed 
in the straight position. Pain may persist for up to six weeks. 
Full stabilization occurs in about two months. In the treatment, 
if there are no open fractures or excessively separated fracture 
ends, pain and secretion control and supine bed rest for 2-3 
weeks are sufficient [2, 3]. 

Open reduction and fixation may be required in severe sternal 
fractures. If there are no excessively split ends and open 
fractures, the appropriate treatment is the conservative 
approach. If there are severely split ends, open fractures, or 
separation of the ribs from the costochondral junction, open 
reduction and fixation of the sternum can be performed 
using a median incision and wire sutures. Surgical treatment 
indications in sternal fractures were the excessive separation 
of the fracture lines, the presence of fractures that cause flail 
chest and respiratory failure requiring mechanical ventilation, 
and the formation of a bad appearance due to the overlapping 
of the fracture lines [2, 3, 14-16]. In our study, 216 (72%) of 
Group 1 patients received medical treatment, 71 (23%) tube 
thoracostomy, 4 (1%) subcutaneous hematoma evacuation, 6 
(2%) emergency thoracotomy (parenchymal repair + hematoma 
evacuation), and 5 (2%) laparoscopy, while all of the Group 2 
patients were given medical treatment and followed up. 

A total of 17 (6%) patients in Group 1 were taken to the 


intensive care unit due to respiratory distress and changes in 
consciousness during their follow-up and 9 (3%) of the patients 
died. In one patient who underwent hematoma evacuation, 
purulent discharge developed. Yet, no growth in the culture 
was observed and it improved with medical treatment. The 
general approach in medical treatment included antibiotics, 
narcotic or non-narcotic analgesics, mucolytic expectorants, 
bronchodilators, balanced fluid replacement, and even fluid 
restriction, diuretic therapy, pentoxifylline, and steroid therapy 
in some patients, especially in those with an extensive contusion. 
Conclusion 

Concomitant pathology or organ injury is the cause of increased 
mortality and morbidity in patients with sternum fractures. The 
Chest Wall injury scoring system is a guide for surgery in those 
patients. The injury severity score, on the other hand, increases 
in direct proportion to the severity of the trauma and should 
be considered an effective parameter in demonstrating the 
severity of the injury. 
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